Previous experiments (Giles and Riley') have demonstrated that the radiosensitivity of Tradescantia chromosomes, as measured by the occurrence of x-ray-induced aberrations in microspores, is markedly influenced by the amount of oxygen present. The frequencies of both interchanges and interstitial deletions observed four to five days following treatment are reduced if inflorescences are irradiated in gases such as nitrogen and helium and increased if exposures are made in pure oxygen instead of in air. On the basis of these experiments it was not possible to decide whether this effect of oxygen is exerted by way of the initial breakage mechanism, such that more breaks are produced by x-rays in the presence of oxygen, or whether the effect is on the recovery process, such that new reunions of broken ends are favored over restitutions. The present paper will discuss experiments performed to investigate certain aspects of this problem. Additional data will also be presented on the relation between aberration frequency and the percentage of oxygen present at the time of irradiation.
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Experimental Methods.-Inflorescences of Tradescantia paludosa Anders.
and Woodson, clone 5 (unless otherwise noted) of Sax were used. Acetocarmine smear preparations of microspores at the first postmeiotic mitosis were made on the fourth and fifth days following irradiation and slides were scored for chromosomal aberrations-interchanges (dicentrics and centric rings) and interstitial deletions. In general, 50 or 100 cells from three to eight slides (each from a separate inflorescence) were scored and standard errors were calculated as previously. The same x-ray source was utilized-a Coolidge self-rectifying tube with tungsten target, operated at 250 kv and 15 ma. The inherent filtration was equivalent to 3 mm. of aluminum.
Irradiations were carried out as in earlier experiments in a lucite exposure chamber. However, in order to insure a more adequate control of the gas in the chamber and to facilitate a rapid removal or introduction of gas the experimental apparatus was redesigned. The new exposure chamber was placed directly in the x-ray machine and attached by pressure tubing and appropriate stopcock arrangements to a vacuum pump, a gas cylinder, and a mercury manometer. With this apparatus, all evacuations and introductions of gases could be performed directly with the inflorescences inside the exposure chamber. Evidence will be presented that the preexposure evacuations in a suction flask, as carried out in the earlier experiments, are unnecessary. Further, it is possible with this equipment to irradiate in a vacuum or under pressure and to introduce or remove gases during the period of irradiation. The presence of a manometer makes it possible to reproduce evacuation conditions and to detect possible unexpected changes of pressure in the system. earlier experiments, were necessary to remove air enclosed around the anthers by the sepals and petals of the buds. For these tests two sets of buds were evacuated five times in a flask and helium permitted to diffuse in before irradiation. One set was placed in the exposure chamber (the original chamber was used), which was then evacuated and helium admitted; the other set was placed in the exposure chamber in air. The third set of buds was not preevacuated, but placed directly in the exposure chamber, which was then evacuated and helium admitted. All three sets received 400 r at 50 r/min. (table 1). It is clear that the pretreatment has no effect on the frequency of aberrations, but rather that the gas in which the exposure is made is the important factor. Evidently evacuation in the exposure chamber is sufficient to effect gas exchange in the buds. On 0% (irradiation in pure-99.8%-helium); 2% (+98% helium); 10% (+90% helium); 21% (air); 60% (+40% helium); 99.5% (pure oxygen from a commercial cylinder); and pure oxygen at an absolute pressure of 1500 mm. of mercury (approximately 760 mm. above normal atmospheric pressure at Oak Ridge). Before each exposure, inflorescences were placed in the chamber, which was then evacuated to approximately 1 to 2 mm. of mercury, and the particular gas or gas mixture admitted. This procedure was repeated five times. Following irradiation, the inflorescences remained in the chamber for approximately ten minutes in the same gas and were then removed to air. On the basis of the data which have been presented it is clear that the postirradiation presence or absence of oxygen has no effect on the recovery process. It seems reasonable to conclude also that there is no effect of oxygen on the recovery process occurring during irradiation, which in these experiments occupies a relatively small fraction of the total recovery period. Pretreatment of buds in the presence or absence of oxygen has no effect; oxygen must be present during the actual X-ray exposure to produce an increase in aberration frequency. Furthermore, the experiments in which oxygen is introduced during irradiation indicate that its effect is immediate. It thus appears that the effect of oxygen must be exerted on the breakage mechanism. However, it seems probable that this effect is actually an indirect one. The most likely hypothesis seems to be that when dissolved oxygen is present during irradiation in the largely aqueous medium in cells, some substance resulting from the radiodecomposition of water containing oxygen is formed which causes an increased aberration frequency. On the basis of their experiments with Vicia faba, Thoday and Reed6 suggest that this substance may be hydrogen peroxide. This possibility is supported by the results obtained in the present experiments relating aberration frequency to percentage of oxygen at the time of irradiation. This relation ( fig. 1 ) is generally similar to that for the yield of hydrogen peroxide when water containing increasing concentrations of oxygen is subjected to X rays (Bonet-Maury and Lefort7). If it is assumed that hydrogen peroxide is in fact the substance indirectly responsible for the increased aberration frequency obtained in oxygen, it appears likely that such an increase would result from a higher frequency of initial breakage, rather than from an effect on the recovery process. This conclusion is supported by the observations of Baker and Sgourakis8 that oxygen increases the yield of X-ray induced sex-linked lethal mutations in Drosophika, where there is no evidence that a recovery process is involved. However, the possibility cannot yet be excluded that in Tradescantia an intermediate radiation product such as hydrogen peroxide might produce an effect by modifying the behavior of broken ends, themselves produced by direct radiation action, and thus influence the restitution process.
Summary. Further experiments have been performed on the effect of oxygen in increasing the radiosensitivity of Tradescantia microspore chromosomes. Exposures of inflorescences to a single constant x-ray dose, but in atmospheres containing seven different percentages of oxygen indicate that there is a rapid rise in aberration frequency between 2 and 21% oxygen, with a gradual increase thereafter. Further studies are being made to clarify the effect of oxygen at levels between zero and two per cent. Other experiments have been performed to determine whether the oxygen effect is exerted by way of the initial breakage mechanism or on the reunion process. These consisted of comparative exposures to a single dose of 300 r in one minute of inflorescences in a vacuum or in oxygen with the addition or removal-of oxygen either immediately after or during part of the irradiation period. In addition, buds were pretreated in the presence and absence of oxygen before exposure to X rays. These experiments show that the presence of oxygen during the actual exposure to X rays rather than during the pre-or postirradiation period is the important factor, thus indicating that oxygen alone does not influence the recovery process. It seems likely that the oxygen effect is an indirect one, resulting from the production during irradiation in oxygen of some substance such as hydrogen peroxide. Although it appears probable that the effect of such a substance on aberration frequency would result from an increased production of chromosome breaks, the alternative possibility, that such a substance might modify the restitution process, cannot yet be excluded.
